We investigated the effects of three hydroelectric dams and their associated lakes 2 on the population structure and connectivity of the coastal tailed frog, Ascaphus 3 truei, in the North Cascades National Park Service Complex. Three dams were 4 erected on the Skagit River in northern-central Washington state between 1924 5 and 1953 and subsequently changed the natural shape and movement of the 6 Skagit River and its tributaries. We collected 183 individuals from 13 tributaries 7 and generated a dataset of >2,500 loci (unlinked SNPs) using double digestion 8 restriction site-associated DNA sequencing (ddRADseq). An analysis of molecular 9 variance (AMOVA) identified ∼99% of the genetic variation within groups, and 10 the remaining variation among groups separated by dams, or the Skagit River. All 11 populations exhibited low F ST values with a maximum of 0.03474. A "de novo" 12 discriminant analysis of principal components revealed two populations with no 13 geographic cohesiveness. However, testing groups that were partitioned a priori 14 by the dams revealed distinctiveness of populations down-river of the lowest dam. 15 Coalescent-based analyses of recent migration suggest that up to 17.3% of each 16 population is composed of migrants from other populations, and an estimation of 17 effective migration rates revealed high levels of migration heterogeneity and 18 population connectivity in this area. Our results suggest that although the 19 populations down-river from the lowest dam are distinguishable, a high level of A. 20 truei population connectivity exists throughout the North Cascades National 21 Park Service Complex.
technique developed by Peterson et al. (2012) . Samples were first digested for eight 137 hours at 37 • C with the restriction enzymes SbfI ("rare" 8bp restriction site sequence [5' 138 CCTGCAGG 3']; New England Biolabs, Ipswich, MA) and MspI ("common" 4bp 139 restriction site sequence [5' CCGG 3'] ; New England Biolabs). The enzyme T4 DNA 140 ligase (New England Biolabs) was then used to ligate barcoded oligonucleotides to each 141 genomic DNA fragment (each barcode 5bp in length) that were unique to each row of 142 individuals on the sequencing plate. Individuals were then pooled, followed by a size Sequencing Laboratory on an Illumina HiSeq 2500 with 50bp single-end sequencing.
151

DNA Data Assembly
Raw Illumina reads were processed with the program pyRAD v3.0.5 (Eaton 2014) 152 to generate alignments of phased SNPs (single nucleotide polymorphisms). Reads were 153 discarded if they had ≥4bp with a Phred quality score <20. Samples were first 154 de-multiplexed based on unique barcode-index combinations, then sequence "clusters" 155 were generated by pyRAD using the programs VSEARCH 156 (https://github.com/torognes/vsearch) and MUSCLE (Edgar 2004) . Reads were first 157 clustered within individuals into loci that were ≥90% similar, and then across 158 individuals with the same threshold. Loci were retained if they had a minimum 159 sequencing depth of 10x. PyRAD also applies a paralog filter in which the user specifies 160 the threshold value, which represents the maximum percentage of individuals allowed to 161 have a heterozygous base (IUPAC "ambiguities") at a given site. A higher value for the 162 paralog filter results in more heterozygotes at any given position because of (a) fixed 163 allelic differences, or (b) sequence polymorphism, both of which can appear the same due to sequence reads containing both alleles. For our final datasets, we set this value fairly high at 90%, meaning ≤90% of the individuals at a given locus (unlinked SNP) 166 could share a sequence heterozygosity, because we expect that heterozygosity can occur 167 at a high frequency at this limited spatial scale. Finally, we compiled two final datasets 168 that differed with respect to amount of missing allowed: one consisted of a missing data 169 level of 50%, meaning that ≤50% of the individuals can have missing data ("?") at a 170 given SNP, whereas the second dataset contained 0% missing data, meaning every 171 individual had data for every locus.
172
Identifying Genetic Subdivision
After data quality control and assembly, our final datasets consisted of 183 173 individuals and 2,537 and 211 unlinked SNPs (loci) for the 50% and 100% complete 174 datasets, respectively. We aimed to test three a priori hypotheses (along with the null 175 hypothesis of no genetic structure) to determine which geographical feature (including 176 dams), if any, is responsible for causing genetic subdivision between A. truei 177 populations: genetic subdivision caused by a) three hydroelectric dams, b) the Skagit 178 River, or c) a combination of the dams and the Skagit River (Table 1) .
We first tested for a correlation between genetic and geographic distances 180 (isolation by distance) with a Mantel test in the program Adegenet (Jombart 2008; 181 Jombart et al. 2010; Jombart & Ahmed 2011) . The significance of isolation by distance 182 was tested by creating a null distribution (an absence of spatial structure; 1000 183 replicates) and comparing the empirical value to this distribution. We next assessed 184 genetic variation by these pre-defined groups using an analysis of molecular variance the DAPC method seeks to maximize between-group genetic variation while minimizing 196 within-group variation, and has the benefit of DAPC over other population clustering 197 methods in that it makes no assumptions of the underlying population genetic model. 198 We first performed a "de novo" analysis without individuals assigned to populations, 199 and we chose the optimal k value based on the Bayesian Information Criterion (BIC) of 200 the likelihood score associated with each k iteration ("find.clusters" command). We 201 then assigned individuals to populations based on the groups defined in Table 1 and 202 explored population structuring under these three hypotheses. For all analyses, we used
Population and Genetic Structure
Our final datasets consisted of 183 individuals and 2,537 or 211 loci (SNPs) for 249 the 50% and 100% complete matrices, respectively; the number of individuals per 250 stream ranged from 7-20 ( Fig. 1 ; Table S1 ). We did not detect any significant signal of 251 isolation by distance in our dataset (p = 0.10; Supplemental Fig. 1 ). Our AMOVA 252 results revealed that the vast majority of genetic variation is found within groups 253 (>99%), e.g., not between pre-defined groups ( Table 2) . Whether the data were divided 254 into groups separated by the dams, the Skagit River, or the dams and Skagit River 255 made no significant difference in among-group genetic variation, which was quite low in 256 all cases at <1% (Table 2) .
257
Estimates of F ST between groups ranged from 0.00 to 0.03474 (Tables 3-5) , 258 indicating little differentiation between a priori defined groups. However, in spite of 259 these low values, the majority of pairwise population differentiation tests were 260 significant at p <0.05 (Tables 3-5 ).
261
The results from our DAPC analyses are shown in Figure 2 . Without individuals 262 assigned to populations ("de novo"), k =2 was selected with the BIC (Supplemental Fig.   263 2). It is interesting to note that when using the 50% complete dataset (2,537 loci), k =4 264 was the best grouping based on BIC score (though only slightly better than k =3; 265 Supplemental Fig. 3 ). There appears to be no geographic structure with the two 266 populations identified in the de novo analysis ( Fig. 2a) , nor with the three or four 267 populations identified with the 50% complete dataset (Supplemental Fig. 4 ).
268
When partitioned by dam ( Fig. 2b) , populations below Gorge Dam appear Fig. 2d) . Individuals from the Big Beaver drainage north of Ross Dam and West of the 278 Skagit River also showed some distinctiveness from the other groups. 279 We also evaluated the ability of the data in its effectiveness to "correctly" assign 280 individuals to their a priori defined groups. Though a characteristic of the data and its 281 informativeness, this is largely a function of the congruence of the actual population 282 structuring (as seen in the genetic data) with our pre-defined groups. We considered 283 individuals to be "correctly" assigned if their assignment probabilities were >0.5 to 284 their predefined group. The population partition that had the highest number of 285 correctly assignments was the population composed of individuals from Goodell and 286 Newhalem Creeks, below Gorge Dam; 90% of the individuals were correctly assigned to 287 this group (Table 6 ). These two creeks also had high levels of correct assignments when 288 partitioned by both dam and river (75% and 87%, respectively). However, when 289 examining population structure putatively structured by both dam and river, three 290 populations had 0 individuals correctly assigned. When considering each population 291 structuring hypothesis, populations structured by the Skagit River had the highest 292 percentages of correctly assigned individuals at 85% for the population north of the 293 river and 81% for the population south of the river.
294
Our Admixture (Alexander et al. 2009 ) analysis identified the most likely number 295 of populations as k =1. These results were stable across all 10 replicate runs.
296
Migration Rates
For our BayesAss results, variation in the posterior mean migration estimates 297 across four replicates of each geographic partitioning scheme (i.e., hypotheses in Table   298 1) was very low (often <0.000x ), in spite of low effective sample size (ESS) values for 299 the overall log-probability of each analysis (results not shown). Standard deviation of 300 the posterior mean migration estimates were also low (<0.06), so the migration 
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The highest migration rate we observed was from the population north and west of the results might have revealed stronger genetic structuring by geography if we would have 417 sampled more adults. Ascaphus truei populations in this area appear to be healthy and 418 show little effect due to the presence of the Skagit River Hydroelectric Project at this 419 time.
420
Conclusions
In this study, we examined the genetic structure and population connectivity of 421 Ascaphus truei in the North Cascades National Park Service Complex using a large 422 molecular dataset composed of hundreds and thousands of loci sampled from across the 423 genome. We specifically tested hypotheses that aimed to determine if man-made 424 structures, in this case hydroelectric dams and the lakes that they have created, or 425 natural landscape features (the Skagit River) were responsible for causing population 426 structure in this species. Using genome-wide SNP data, we are able to detect 427 population structure at a fine geographic scale that coincides with the oldest Dam 428 (Gorge Dam), suggesting that SNP data are able to detect recent population structure 429 that may have elapsed over as few as 12 generations from when Gorge Dam was erected.
430
In addition to this new evidence for population structure below Gorge Dam, we found 431 evidence for high levels of population connectivity throughout the North Cascades 432 National Park System Complex.
433
Data Accessibility: -DNA Sequences: Genbank accession nos. xxxx-xxxx -All collecting locality information is available in the Supplementary Materials section.
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